Objective: To investigate how physical activity changes over the first 6 months after stroke, and how activity is related to function. Design: A longitudinal study with an initial assessment within 14 days after stroke (in hospital) and follow-up assessments 1, 3 and 6 months later (in-patient rehabilitation or at home). 
the evidence in support of promoting physical activity for people with stroke is indirect, and activity recommendations are largely based on expert opinion (6) .
Physical activity is defined as any bodily movement produced by skeletal muscles that requires energy expenditure (7). According to uS guidelines, it is recommended that patients with stroke who are capable of engaging in physical activity should do at least 30 min of moderate-intensity physical exercise, typically defined as vigorous activity sufficient to break a sweat or noticeable heart rate, 1-3 times a week (6) . However, in Norway it is recommended that stroke patients in the chronic phase exercise at 60-80% of maximum heart rate for 10-60 min, 2-5 times a week (8). It appears that physical activity in community-dwelling stroke survivors is below these recommended levels (9) .
there is increasing interest in understanding the facilitators and barriers to physical activity both early and late after stroke (10) . A major challenge in this field is finding a suitable way to measure physical activity. Physical activity has traditionally been assessed through questionnaires, but such instruments have high recall bias when used in frail and elderly persons (11) . Accelerometers offer an objective alternative for measuring physical activity and have the advantage of being able to record activity continuously over days and even weeks in the patients' own environment (12) . Currently, no studies have examined longitudinal changes in activities using accelerometers, in patients with stroke. Most research to date has focussed on measuring activity at a single point in time, typically while patients are hospitalized or in community settings (13, 14) ; however, it is recommended that future studies focus on longitudinal monitoring of free daily activities in patients who are at risk of functional decline (15) . A number of different devices are available (16) , and evidence suggests that accelerometers yield valid and reliable data about the physical activity of patients with stroke (12, 15) .
We aimed to perform a longitudinal study using instrumented measurement to establish physical activity levels early after stroke, and examine how activity levels changed over time.
CHANges IN PHysICAl ACtIvIty ANd relAted fuNCtIoNAl ANd dIsAbIlIty levels IN tHe fIrst sIX moNtHs After stroke: A loNgItudINAl follow-uP study our two main hypotheses were:
• Patient activity levels would change during the first 6 months after stroke, in particular: -the amount of time in an upright position would increase; -the amount of time spent lying down would decrease; -the number of transitions (changes in body position from, for example, lying to standing) would increase.
• Activity level is independently associated with patients' function (particularly activities of daily living and balance), such that the amount of time in an upright position will increase as their functional level improves. (17) were eligible for inclusion, if time from onset of stroke was less than 14 days. Both patients with first-ever and recurrent stroke were eligible. only patients with a devastating stroke receiving end-of-life palliative care were excluded. Eligible patients were included if they were able and willing to sign informed consent. Patients who were not able to give informed consent were also included if their next of kin gave oral consent to participation. this is in keeping with norwegian consent procedures for patients unable to consent for themselves. All patients and their next of kin were informed that they could withdraw their participation at any time. the study was approved by the Regional Committee of medical and Health research ethics and Norwegian Social Science Data Services.
Study design and settings
this was a prospective longitudinal study with an initial assessment (test 1) within 14 days after onset of stroke while the patients still were in the stroke unit and a further follow-up at 1 month (test 2), 3 months (test 3) and 6 months (test 4) after test 1. two trained assessors performed all follow-up assessments. these assessments were performed at the rehabilitation clinic for patients receiving in-patient rehabilitation or at home for patients discharged to home or nursing home. All patients received acute treatment at the stroke unit at St olavs Hospital. this particular stroke unit is a well-established, evidencebased, comprehensive unit emphasizing early out-of-bed activity (mobilization) to a standing or sitting position within the first 24 h after onset of symptoms and physical therapy according to a task-oriented approach, focusing on independence in activities of daily living (Adl) (18, 19) . motor training was given as two daily sessions of 30 min 5 days a week during hospitalization (20) . All patients were eligible for an Early Supported Discharge service, coordinated by a multidisciplinary team in close cooperation with the primary healthcare providers (21) . the further rehabilitation was given according to the patients' individual needs and functional level to enhance independence in daily living and facilitate physical activity. the setting for the follow-up could be at home, in a rehabilitation clinic or in a nursing home.
Activity monitoring
Physical activity was measured at the level of Activity and Participation, within the domain Mobility, according to the International classification of functioning disability and Health (ICf) (22) , using a single-axis accelerometers, PAl2, with a tilt switch (gorman Promed Pty ltd, victoria, Australia). we monitored across a 24-h period at test 1 and across 3 days and nights at test 2, test 3 and test 4.
the PAl2 consists of two monitors interconnected with a cable, one square box attached to the thigh (accelerometer) and a cylinder attached to the calf (tilt switch), which makes it possible to distinguish between standing, sitting and lying positions. the accelerometer and tilt switch were placed in a polyurethane sleeve with velcro fastenings ( fig. 1) . the PAl2 samples the vertical accelerations of the thigh at 10 Hz with a maximum recording time of 5 days. two new AAA batteries were inserted before each recording. the software package PAl2calcs.exe (gorman Promed Pty ltd, victoria, Australia) was used for initializing, receiving, reviewing and processing data from each unit. Data were transferred from the unit to a Windows compatible personal computer by use of a universal serial bus (usb) cable. uploaded data were calibrated before the software summarized the activity. During the calibration procedure, the level of standing position and lying with bent knees was identified on the graph and set. for patients not able to stand, sitting and lying positions were identified. the data summary from each sampling period included: the number of transitions (change in position) and time in lying, sitting and upright position (standing/walking). the data summary file was converted to an excel file for further analysis in sPss (sPssInc, Chicago, usA) and stata IC v11 (stataCorp lP, texas, usA).
the PAl2 system is a relatively new device that has been shown to be accurate in measuring physical activity compared with video recording (23) .
Other measures
the following variables were assessed at baseline: age, gender, medical history, time since stroke, marital status, pre-stroke accommodation, pre-stroke disability using the modified rankin scale (mrs), ranging from 0 (no symptoms) to 6 (death) (24) .
At the level of body function (22), scandinavian stroke scale (sss), ranging from 0 to 58 points was applied to assess stroke severity (25) at admission. mild stroke was defines as sss score from 45 to 58 points, moderate stroke was defined as sss score from 30 to 44 points, while severe stroke was defined as sss score from 0 to 29 points.
At the level of Activities and Participation (22), barthel Index, ranging from 0 to 100 points was applied to assess activities of daily living (24), berg balance scale (26) , ranging from 0 to 56 points, was applied to assess balance, and mRS to assess disability at inclusion and during follow-up. At test 1, PAl2 was initialized and attached to the patient in the afternoon on the day of inclusion and removed 24 h later. At test 2, test 3 and test 4, PAl2 was initialized and attached to the patient on a Monday or tuesday afternoon and removed on a thursday or friday afternoon to ensure a full 3 days of recording. the patients were instructed to go about their usual activity. All time-periods and reasons for removing PAl2 were registered.
Data processing and statistical analysis
Patients with the data missing not-at-random (e.g. due to patient's withdrawal from the study or due to death) were excluded from the analysis. some missing-at-random data were expected due to potential technical failures (e.g. device malfunction), or patient-related failures (e.g. device removed for showering and not re-applied correctly) over the course of this study. for every patient, if more than 30 consecutive minutes of data were missing on a given day for a given test, the data for that day were excluded from further analysis, and data across remaining days within that test were then averaged to derive the final activity measure. Activity data are presented as median activity over a 24-h period.
for every subject, physical activity was measured repeatedly over the course of time across the 4 occasions (test 1, test 2, test 3 and test 4). repeated measures data are usually correlated, since sequential observations of the same subject tend to be closer in value to one another than the same number of observations collected from different subjects would be. missing data also present special challenges for repeated measures analysis. multi-level random effect generalized least square (gls) regression modelling was chosen as the most appropriate statistical tool to address the hypotheses due to its advantages both in modelling longitudinal data and in handling data missing-at-random (27) . missing data do not present a problem for multi-level random effect generalized least-square models as long as data are missing at random. Missing data due to instrument failure, wrongly attached device and too short recording time (less than 24 h) was considered to be at-random. It is important to notice that data were missing from different patients at different time-points and there was no statistically significant association between specific patients' characteristics and the data missing at a particular time-point.
Patients with data missing-at-random for one or more time-points were included in the final analysis set. both Hypotheses 1 and 2 are independently tested at significance threshold alpha 0.05. to preserve the type I error rate, the sub-hypotheses (H1) were tested at bonferroni-corrected thresholds of 0.017 and alternative outcome measures in (H2) were tested at bonferroni-corrected thresholds of 0.025, respectively.
Statistical analysis was conducted using commercial statistical software sPss and stata IC v11. to address Hypothesis 1, 3 multilevel random effect gls regression models with individual patient as a level, test 1-4 as an independent nominal variable coded as 4 binary variables each corresponding to an individual testing occasion, and a relevant measure of activity as a dependent variable, were used for the analysis of overall change in activity level across the 4 occasions (test 1, test 2, test 3 and test 4). to estimate the changes in number of transitions, a multi-level random effect Poisson regression model with individual patient as a level, tests 1-4 as an independent nominal variable coded as 4 binary variables each corresponding to an individual testing occasion, and the number of transitions as a dependent variable, were used for the analysis of overall change across the 4 occasions (test 1, test 2, test 3 and test 4). test 2 was chosen as the reference point. the analysis was then repeated, adjusting for patient's age and baseline stroke severity as measured by SSS, as both of these factors are strong predictors for functional outcome after stroke (28, 29) . to address the second hypothesis, a multi-level random effect gls regression model with individual patients as a level, a relevant measure of functional level and time as independent variables, and a relevant measure of activity as a dependent variable, were used for the analysis of association between function and activity levels adjusted for time.
results over a period of 12 months, 44 patients agreed to participate in the present study. Sixteen patients were excluded from the analysis because they died (n = 5) or withdrew from the study (n = 11), leaving a total of 28 patients for the analysis. At each time-point a variable number of patients were missing-atrandom because: (a) the device was wrongly attached (n = 6), (b) instrument failure occurred (n = 13), (c) too short recording time (n = 7), or (d) no recording time because of holiday (n = 1); however, these patients were kept in the gls model. fig. 2 shows the flow of patients through the study.
table I shows the baseline characteristics for the 28 analysed patients. the mean age of participants was 78.7 years, ranging from 62 to 93 years (53.6% male). sixty-eight percentage of the included patients had experienced their first-ever stroke. the mean days from onset of stroke to test 1 were 7.5 days, ranging from 1 to 13 days.
Descriptive statistics were applied to derive the median and interquartile range of time spent in upright, sitting and lying position, and the number of transitions for all available cases at each occasion. these figures are reported in table II. the median time in an upright position increased by a mean of 52 min a day over 6 months, while the median time in the lying position decreased by 138 min (2.3 h) in the same period. the change in number of transitions was less clear. 
1-14 days after stroke (n=21)
Missing-at-random (n=7)
Test 2 1 month after inclusion (n=24)
Missing-at-random (n=4)
Missing not-at-random, excluded from the dataset (n=16):
• Died (n=5)
• Withdrew from study (n=11)
Test 3 3 months after inclusion (n=20)
Missing-at-random (n=8)
Test 4 6 months after inclusion (n=20)
Analysed (n=28) time spent in a lying position, adjusted for age and stroke severity, decreased by -134.8 min (95% CI: -48.4 to -221.3, p = 0.002), while time spent in an upright position increased by 65.7 min (95% CI: 104.9 to 26.5, p = 0.001) from test 1 to test 2 (table Iv) .
the number of transitions did not change between test 1 and test 2, but were significantly reduced from test 2 to test 3 and test 4 (table III and table Iv) .
the associations between upright position and functional level adjusted for time, were significant for both barthel Index and for the Berg Balance Scale, with patients spending more time in an upright position as their functional level increased. Adjusted for time, a single point increase on Berg Balance Scale was associated with an extra 4.3 min (95% CI: 3.05 to 5.59, p < 0.001) spent in an upright position, while a single point increase on barthel Index was associated with an extra 2.1 min (95% CI: 1.15 to 3.05, p <0.001) spent in the upright position.
DIScuSSIon
As hypothesized, we found that patients increased the amount of time spent in an upright position and decreased the amount of time in a lying position from their initial hospital stay until 1 month later. However, there were no further changes in activity levels during the next 5 months. the number of times patients changed positions throughout the day did not change in the early phase, but showed a small decrease during follow-up. these findings remained significant after adjusting for age and stroke severity. our second hypothesis was also confirmed, as time in an upright position was positively associated with function adjusted for time. In addition to these findings, we have shown that it is 
months after test 1; CI: confidence interval. Physical activity after stroke feasible to record stroke patients' activity using accelerometers at multiple time-points within the first 6 months of stroke.
the most significant finding from the present study was that the change in activity levels after stroke occurred mainly during the early phase, i.e. from the initial hospital stay to 1 month later. However, as seen from the wide confidence intervals, there was also great variability in the individual activity patterns after adjusting for stroke severity.
using a device to measure physical activity is a relatively recent phenomenon in stroke research. Although an increasing number of devices are available, they often measure different outcomes (30, 31) . biologically, it appears to be important that devices are able to measure the time spent upright (on one's feet) and in sedentary positions, as both appear to have strong associations with both health and disease (32) . the time spent in an upright position recorded at test 1 in the present study corresponds closely with the median of 94 min upright time over a 24-h period reported in a mixed group of elderly hospitalized patients (31) . If we consider that approximately 40% (n = 11) of patients had moderate to severe stroke (sss < 45), this represents a relatively high activity level across the included patients as this recording was within the first 14 days after stroke when the patients were still in the stroke unit. the median time in an upright position at 3 and 6 months follow-up was 144 min over 24 h, less than half the time that a group of community dwelling people spent upright (31) . the low levels of activity found in this study during follow-up are consistent with other samples of people with chronic stroke (9) .
the time spent in a lying position decreased more than time in upright position increased, indicating that some of the lying time was converted to sitting time. the median lying time at test 4 was 786 min (i.e. 13.1 h). this time was distributed equally between dependent and independent patients. time spent in a lying position should preferably be sleeping time. In healthy people there is an age-related reduction in total sleep time, and it has been shown that older people need on average 6.5 h sleep at night (33) . we know little about how much rest people with stroke need; however, the estimate from this study of over 13 h of lying down per day indicates that stroke survivors spend a large proportion of the day lying in bed, although only 2 out of 20 patients were classified as bedridden (mrs score = 5) at the end of follow-up. one may ask whether fatigue, which has been shown to occur in 40-70% of stroke survivors (34, 35) , influenced the time patients in this study spent in upright and lying positions.
the strengths of the present study are that it included patients from all severity groups, and with a mean age of 79 years, which is very close to that of the norwegian stroke population (36) . It is also a strength that we succeeded in measuring activity across the first 6 months after stroke using a device that distinguished between sitting, lying and standing positions.
the advantage of recording physical activity by body-worn sensors is that they can record activity over several days in the patients' own environment; however, the disadvantages include that device failures are possible, and this is often not obvious until the end of the data collection period. this was the case for 13 recordings in the present study. However, these data were regarded as missing-at-random, and the remaining data-points for these patients were kept in the gls model. Another disadvantage is that the PAl2 is not waterproof and has to be removed during bathing, increasing the risk of forgetting to reattach the device and to reattach it wrongly. In the present study 7 recordings were missing because of too few recording hours and 6 recordings were missing because of incorrect reattachment of the device (upside down or inside out). we regard it as unlikely that data missing for these reasons were related to activity level; hence, they were also classified as missing-at-random. Altogether, this resulted in 27 out of 112 data-points (24%) being missing-atrandom, which does not represent a major problem in the applied gls model (37) . furthermore, it can be inconvenient to wear the monitors over several days (31) , and consequently patients may elect to remove the device. the PAl2 monitor is attached by velcro straps to the thigh and calf, and a lot of patients found it uncomfortable to wear the monitor for 3 consecutive days, which, among other reasons, resulted in 25% of the patients (n = 11) choosing to withdraw from the study.
A major limitation of the present study is the small sample size. A second limitation is that the activities undertaken while the patient is upright are rarely known (i.e. we cannot distinguish between indoor and outdoor walking). In some cases the intensity of the activity can be monitored, which allows researchers to distinguish between, for example, fast and slow walking. We did not elect to measure the intensity of activity in this group, but given the relatively low levels of activity found, it is reasonable to assume that most of the time spent in upright positions is spent on activities of daily living. As such, we expect that this level of activity would have little or no impact on their cardiovascular fitness.
In conclusion, this study shows that, even though the activity level increased significantly from baseline to 1 month later, the stroke survivors spent very little time in an upright position during the first 6 months after stroke. we are a long way from understanding how much upright activity is needed to maintain or improve health and wellbeing after stroke, or the barriers and facilitators to achieving adequate levels of activity in those affected by stroke. As activity monitoring devices become more reliable, cheaper and comfortable enough for regular use, they may become a powerful tool for therapists wishing to help promote activity. for now, they remain a useful research tool and further studies exploring longitudinal change in patients are warranted.
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